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Up ﬂow anaerobic sludge
bed reactor UASBAbstract Feasibility of a combined system consisting of an anaerobic up-ﬂow anaerobic sludge
blanket (UASB) followed by anoxic unit then aerobic activated sludge (AS) was investigated.
The system was fed with normal domestic wastewater, then medium loading wastewater using
activated sludge from El Berka WWTP, then high strength sewage having a chemical oxygen
demand (COD) of 2635 mg COD/L. The organic loading rate (OLR) was increased gradually from
0.5 to 4.43 kg COD/m3/day. The HRT was changed for each loading from 10.5 to 15 h. The internal
recirculation (IR) was tested at 100%, 200% and 300% for each loading run. The return activated
sludge was adjusted to maintain a mixed liquor suspended solids of greater than 2500 ppm.
At steady state conditions, the UASB reactor achieved removal efﬁciency up to 79.13% of the
total COD. The combined system performed an excellent organic removal pushing the overall
removal efﬁciency of the total COD, TN and TP to 95.87%, 84.95% and 87.59%, respectively.
When the OLR increased to 4.43 kg COD/m3/day, the efﬂuent quality of the UASB deteriorated
reaching a percent of 48.20 for COD removal efﬁciency dropped to 62.90%, 29.90% and 46.90%
respectively.
The optimum operational conditions for the system on different organic loadings were
HRT= 15 h and the IR = 200%.
ª 2015 The Authors. Production and hosting by Elsevier B.V. on behalf of Housing and Building
National Research Center. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).IntroductionThe purpose of wastewater treatment is to remove pollutants
than can affect the aquatic environment if they are to this
stream discharged. Wastewater treatment engineers histori-
cally focused on the removal of pollutants that would
deplete the DO in the receiving water for the deleterious
effects of low dissolved oxygen DO concentration on aquatic
life.bic unit
2 M.A. Moharram et al.Most oxygen demanding pollutants are organic
compounds; however the ammonia nitrogen is an important
inorganic one. Thus early wastewater treatment systems were
designed to remove organic matter and to oxidize ammonia
nitrogen to nitrate nitrogen, and this is still the goal of many
systems built today [1].
Inappropriate discharge of nitrogenous compounds has
adverse effects on the aquatic systems such as eutrophication,
toxicity to aquatic organisms and depletion of dissolved
oxygen in receiving water bodies.
The Current studied system evolves both the anaerobic and
then an aerobic systems. The choice of the post treatment
method depends on the characteristics of the anaerobic efﬂuent
and on the standards set by environmental agencies for direct
discharge to the receiving water or reuse of the treated efﬂuent
[2]. The advantages of the combination are: (a) lower energy
consumption; (b) lower chemical consumption for dewatering;
(c) less sludge to be disposed of; (d) less equipment required;
(e) higher operational simplicity (f) better sludge dewatering
characteristics.
The proposed system is an A2/O process anaerobic, anoxic
aerobic replacing the anaerobic unit by high rate UASB.
Ammonia will be transformed into nitrite and then nitrate
(nitriﬁcation) in the aerobic tank and the return supernatant
in the aerobic tank will be returned to the anoxic tank to
proceed with denitriﬁcation.
On the other hand, phosphate is released in the anaerobic
tank, and then taken up excessively in the later aerobic tank.
Thus, phosphorus and nitrogen removal can be achieved
simultaneously in the process.TANKS
(A) Influent water tank
(B) Up Flow sludge blanket UASB
(C) Aeration tank
(D) Final Sedimentation tank
(E) Internal recirculation pump 
(F) Return activated sludge pump
(G) Air Supply unit
Fig. 1 The exper
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with UASB, HBRC Journal (2015), http://dx.doi.org/10.1016/j.hbrcj.2015.01.004The objective of this experiment was to evaluate the
feasibility and optimal operational parameters for the process
treating domestic sewage ﬂows that El Berka Wastewater
treatment plant actually receives.Materials and methods
In this research, an A2/O process was used for the treatment of
the domestic wastewater in El Berka wastewater treatment
plant replacing the anaerobic unit by UASB reactor. The pro-
posed ﬂow diagram of the system as well as the sample points
is shown in Fig. 1.
Model description
Raw domestic wastewater will be collected from the channel
connecting grit removal chamber and primary sedimentation
tanks in El Berka WWTP by gravity. Raw wastewater is then
connected directly to Polyethylene tank of 500 l capacity
located at high level to feed the system with raw water,
afterward the water ﬂows to the uPVC pipe used as an up ﬂow
sludge blanket reactor UASB with a volume of 25.6 l.
Water ﬂows after the UASB to the anoxic unit located in a
steel tank with length of 100 cm, Width of 0.45 cm and total
depth of 65 cm, the anoxic unit length is about 15 cm, then
the aeration unit is 85 cm. The ﬁnal sedimentation tank is
introduced with diameter of 30 cm and total height of 65 cm
to collect the aeration tank efﬂuent waters and is connected
to a pump (5 l/min) for return sludge.SAMPLE POINTS
(1) Raw water
(2) UASB effluent water
(3) Aeration tank mixed liquor
(4) Treated effluent water
imental setup.
he A2/O process in domestic wastewater treatment replacing the anaerobic unit
Performance appraisal of the A2/O process 3Another pump with the same capacity is connected to the
aeration zone to return nitrate back to the anoxic zone.
Three operational parameters were tested: the organic
loading rate (OLR), the hydraulic retention time (HRT) and
the internal recirculation (IR) of the ﬂow from the aerated
zone to the anoxic zone of the system on three levels as shown
in Table 2. However, during the system runs, it was affected by
all the factors simultaneously.
The optimization experiments were designed according to
the Taguchi fractional design method [3]. This method consid-
ers efﬁciency of COD, BOD, TSS, VSS, NH4-N and NO3-N,
TP. A L9 (33) orthogonal array was used in this experimental
design [4]. Table 1 summarizes the test levels implemented for
the selected factors.
The experiment was set on 9 runs on which we test the
effect of changing of one of the three parameters on the system
performance addressing the best limits for good system opera-
tion. Table 2 shows the 9 runs schedule. And Fig. 2 shows the
organic loading rate along the experiment duration for the
UASB and the activated sludge system afterward.
The internal recirculation was adjusted per run and the
return activated sludge to the anoxic zone (RAS) was alsoTable 1 Tested operational parameters and the levels of
testing.
Factor Level 1 Level 2 Level 3
OLR (g/m3) <500 500–1000 >1000
HRT (h) 15 12.5 10.50
IR (%) 100 200 300
Table 2 Runs schedule.
Run No. OLR HRT IR
1 1 1 1
2 1 2 2
3 1 3 3
4 2 1 2
5 2 2 3
6 2 3 1
7 3 1 3
8 3 2 1
9 3 3 2
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Fig. 2 The organic loading rate along the experimen
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with UASB, HBRC Journal (2015), http://dx.doi.org/10.1016/j.hbrcj.2015.01.004adjusted to achieve the appropriate mixed liquor suspended
solids in the aeration zone.
The aerobic retention time was experimented to determine
the least HRT that can achieve the required efﬂuent water
quality required by law 48 for the year 1982.
The SRT was controlled to maintain nitriﬁcation as the
nitrifying autotrophic bacteria have a much slower growth rate
than other heterotrophic bacteria. Therefore, doubling of the
nitriﬁcation microorganism population requires 10–20 times
longer than for other heterotrophic bacteria [5].
The DO in the aeration zone was adjusted to 2 < DO<
4 mg/L. Nitriﬁcation requires the presence of sufﬁcient DO,
and the rate of nitriﬁcation can be limited when DO concentra-
tion is too low to support a sufﬁciently high oxygen transfer
rate. In municipal activated sludge systems with HRTs of
6–8 h, the nitriﬁcation rate is maximized when DO concentra-
tion is 2 mg/L or greater [5].
Results
The experiment was started on May, 2014 and terminated on
the 1st of October, 2014. The system was run continuously
for about 4 months using the raw wastewater of the El Berka
WWTP and the high organic loading was achieved by adding
activated sludge from the secondary plant clariﬁers to achieve
the required organic loading rate for each run.
The experiment lasted about 130 days, optimizing the best
operational parameter for the system. In order to obtain
steady state conditions in the system, the system was operated
at least ﬁve days before each test condition changes. Three
times experiments were conducted continuously at each run.
The evaluation of overall system performance was achieved
by the observation and the comparison of the concentrations
of the main parameter in the law 48 for the year 1982 variables
such as COD, BOD5, TSS, VSS and some operational parame-
ters such as pH, alkalinity, temperature in inﬂuent wastewater
and efﬂuent from the ﬁnal sedimentation tank.
The normal domestic wastewater organic loading operation
(Runs 1–3)
The ﬁrst three runs were operated at the normal domestic
wastewater loading in El Berka WWTP ranging between 248
and 955 mg/L as total COD. Table 3 shows the raw water
characteristics. The inﬂuence of the HRT, and the internal84 98 109 116 123 126 130
 of operation
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Table 3 Raw water characteristics during the Low organic
loading runs.
Variable Unit Min Average Max
pH mg/L 7.15 7.32 7.45
Alkalinity mg/L as CaCO3 220.00 282.22 370.00
COD mg/L 248.00 436.44 955.00
BOD mg/L 144.00 346.56 845.00
TSS mg/L 155.00 357.89 1200.00
VSS mg/L 112.00 244.56 800.00
NH4-N mg/L 11.80 14.29 17.60
NO3-N mg/L 0.80 1.89 3.70
TN mg/L 4.87 5.27 5.64
TP mg/L 5.13 8.57 12.00
Table 5 Raw water characteristics during the low organic
loading runs.
Variable Unit Min Average Max
pH mg/L 6.56 7.42 7.45
Alkalinity mg/L as CaCO3 220.00 300.22 420.00
COD mg/L 510.00 901.11 1200.00
BOD mg/L 172.00 567.56 1185.00
TSS mg/L 260.00 948.33 1900.00
VSS mg/L 180.00 645.56 1310.00
NH4-N mg/L 14.00 22.84 32.50
NO3-N mg/L 0.20 2.89 3.70
TN mg/L 20.60 54.53 86.67
TP mg/L 5.88 12.78 24.17
4 M.A. Moharram et al.recirculation IR on the COD, TN and TP removal in the pro-
posed system was isolated and obtained.
The inﬂuence of the internal recirculation on the COD, TN and
TP removal
The average efﬁciency of NH4-N removal was about 59.34%
for all the three tested values of IR. Table 4 shows nitrogenous
compound efﬁciency.
When the IR was increased from 100% to 200% during
Run 2, the efﬁciency of the TN removal increased from
33.17% to 39.21% though the HRT was also increased in
Run 2. And on increasing the IR to 300% on the Run 3 the
TN removal efﬁciency dropped to 29.90% which could be
attributed to the low HRT in the third run and the high DO
concentration reaching the denitriﬁcation zone inhibiting the
denitriﬁers bacteria and the denitriﬁcation capacity of the sys-
tem is decreased. The analysis and result of the orthogonal
experiment are shown in Table 4.
The total COD removal efﬁciency of the optimum run in
the low loading runs met the required COD efﬂuent water
characteristics as per the law 48 for the year 1982, then
Decree 8, 1993.
The total phosphorus average removal efﬁciency during the
1st run ranged between 46.90 and 55.04% achieving the max
efﬁciency of 69.05% when the IR was 300%. This could be
attributed to the variation in SRT required by nitriﬁers and
the Phosphorus removal bacteria. The best SRT for nitriﬁca-
tion is usually more than 20 days but for the removal ofTable 4 Low organic loading runs results.
Variable Units Raw water (average) UASB reactor
Min Average Max Average
pH mg/L 7.32
Alkalinity mg/L as
CaCO3
282.22
COD mg/L 436.44 111.0 134.00 170.0 70.07
BOD mg/L 346.56
TSS mg/L 357.89 65.00 80.00 67.27 55.03
VSS mg/L 244.56
NH4-N mg/L 14.29 12.00 13.33 14.00 4.51
NO3-N mg/L 1.89
TN mg/L 15.80 13.41 13.91 14.40 12.02
TP mg/L 8.57 7.67 8.93 10.20 5.00
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with UASB, HBRC Journal (2015), http://dx.doi.org/10.1016/j.hbrcj.2015.01.004phosphorus it is 5–8 days, which means it is hard to accom-
plish high level of P and N in same system concurrently [6].
Another reason is the competition between poly-phosphate
bacteria and denitrifying bacteria for the organic carbon
sources in the anoxic zone.
The inﬂuence of the HRT on the COD, TN and TP removal
The system performance was investigated with hydraulic reten-
tion times 10.5, 12.5, 15. Table 5 shows the average removal
efﬁciency of the NH4-N, TN and COD. The Total nitrogen
removal was enhanced on increasing the HRT, while the TP
removal was decreased. The best and economical operational
conditions that can meet the law 48 for the year 1982 were
when the HRT= 12.50 h and the IR = 200%. Though it
was not yet able to meet the TN removal limits for the average
values of the run which can be caused by the high DO in the
aeration tank that was higher than 4.5 mg/L, high concentra-
tion of DO simultaneously entered the anoxic tank with the
internal recirculation return. This had a bad impact on the
condition of anoxic tank, and the activity of denitrifying bac-
teria was also inhibited.
The medium loading wastewater organic loading operation
(Runs 4–6)
The medium loading runs were operated at a wastewater
loading ranging between 510 and 1200 mg/L as total COD.Final eﬄuent Average
system eﬃciency
eﬃciency Min Average Max Average eﬃciency
7.26 7.44 7.95
200.00 297.78 610.0
24.00 93.22 205.0 78.12 78.64
18.00 66.67 164.0 79.29 80.76
25.00 84.44 240.0 74.77 76.40
17.00 63.33 170.0 71.25 74.10
4.32 5.81 8.00 59.49 59.34
6.80 14.02 23.50
9.51 10.19 10.81 35.37 35.52
2.50 3.44 4.50 19.44 59.89
he A2/O process in domestic wastewater treatment replacing the anaerobic unit
Table 6 Medium organic loading runs results.
Variable Units Raw water (average) UASB reactor Final eﬄuent Average
system eﬃciency
Min Average Max Average eﬃciency Min Average Max Average eﬃciency
pH mg/L 7.42 7.12 7.67 8.80
Alkalinity mg/L as
CaCO3
300.22 160.0 300.22 400.0
COD mg/L 901.11 90.00 164.75 240.00 69.39 47.00 95.11 120.0 88.35 89.45
BOD mg/L 567.56 24.00 65.00 109.0 84.03 88.55
TSS mg/L 948.33 112.0 203.00 440.00 73.32 21.00 59.67 85.00 90.94 93.71
VSS mg/L 645.56 14.00 47.22 70.00 89.57 92.69
NH4-N mg/L 22.84 16.00 17.06 18.11 19.03 0.13 5.79 10.00 74.12 74.64
NO3-N mg/L 2.89 1.30 10.58 25.00
TN mg/L 54.53 4.38 12.80 52.40 29.25 9.82 11.15 13.04 74.52 79.55
TP mg/L 12.78 6.67 11.77 16.87 13.15 2.52 3.53 4.77 67.49 72.37
Performance appraisal of the A2/O process 5Table 5 shows the raw water characteristics. The inﬂuence of
the HRT, and the internal recirculation IR on the COD, TN
and TP removal in the proposed system was isolated and
obtained.
The inﬂuence of the internal recirculation on the COD, TN and
TP removal
The average efﬁciency of NH4-N removal was about 74.64%
for all the three tested values of IR. Table 6 shows nitrogenous
compound efﬁciency.
When the IR was increased from 200% to 300% during
Run 5, the efﬁciency of the TN removal increased from
82.31% to 81.13%. And on decreasing the IR to 100% on
the Run 6 the TN removal efﬁciency dropped to 52.33%
which could be attributed to the low recirculated nitrogen
concentration reaching the denitriﬁcation zone and the deni-
triﬁcation capacity of the system is decreased. The analysis
and result of the orthogonal experiment are shown in
Table 6.
The total COD removal efﬁciency of the optimum run in
the medium loading runs met the required COD efﬂuent water
characteristics for an average value as per the law 48 for the
year 1982, then Decree 8, 1993.
The total phosphorus average removal efﬁciency during the
4th run ranged between 49.58 and 64.91% achieving the max
efﬁciency of 83.95% when the IR was 100%. On the 6th run
when the IR was equal to 100% the HRT was increased; con-
sequently the SRT in the system decreased giving a goodTable 7 Raw water characteristics during the low organic
loading runs.
Variable Unit Min Average Max
pH mg/L 7.31 7.53 7.80
Alkalinity mg/L as CaCO3 160.00 270.00 400.00
COD mg/L 940.00 1828.33 2635.00
BOD mg/L 680.00 1091.78 140.00
TSS mg/L 564.00 1094.89 1800.00
VSS mg/L 400.00 774.78 1000.00
NH4-N mg/L 13.40 28.78 87.00
NO3-N mg/L 1.20 2.84 5.40
TN mg/L 36.35 81.96 113.20
TP mg/L 7.67 41.67 96.67
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with UASB, HBRC Journal (2015), http://dx.doi.org/10.1016/j.hbrcj.2015.01.004chance for the PAOs to be dominant in the aeration tank as
the nitriﬁers were deactivated to some extent due to the low
SRT.
The inﬂuence of the HRT on the COD, TN and TP removal
The system performance was investigated with hydraulic reten-
tion times 10.5, 12.5, 15. Table 6 shows the average removal
efﬁciency of the NH4-N, TN and COD.
The best and economical operational conditions that
can meet the law 48 for the year 1982 were when the
HRT= 15 h and the IR = 200%. (Run 5)
The high loading wastewater organic loading operation (Runs 7–
9)
The high loading runs were operated at a wastewater loading
ranging between 940 and 2635 mg/L as total COD. Table 7
shows the raw water characteristics. The inﬂuence of the
HRT, and the internal recirculation IR on the COD, TN
and TP removal in the proposed system was isolated and
obtained.
The inﬂuence of the internal recirculation on the COD, TN and
TP removal
The average efﬁciency of NH4-N removal was about 63.90%
for all the three tested values of IR. Table 8 shows nitrogenous
compound efﬁciency.
When the IR was decreased from 300% to 100% during
Run 8, the efﬁciency of the TN removal increased from
69.90% to 70.85%. And on optimizing the IR to 200% on
the Run 9 the TN removal efﬁciency raised to 74.52% though
the HRT was decreased on the Run 9.
The total COD removal efﬁciency of the optimum run in
the high loading runs was not able to meet the required
COD efﬂuent water characteristics for an average value as
per the law 48 for the year 1982, then Decree 8, 1993.
The total phosphorus average removal efﬁciency during the
7th run ranged between 59.38 and 71.88% achieving the max
efﬁciency of 82.43% when the IR was 200% at Run 9.
On the 9th run when the IR was equal to 200% the HRT
was increased; consequently the SRT in the system decreased
giving a good chance for the PAOs to be dominant in the aera-
tion tank as the nitriﬁers were deactivated to some extent due
to the low SRT.he A2/O process in domestic wastewater treatment replacing the anaerobic unit
Table 8 High organic loading runs results.
Variable Units Raw water (average) UASB reactor Final eﬄuent Average
system
eﬃciency
Min Average Max Average eﬃciency Min Average Max Average eﬃciency
pH mg/L 7.53 7.36 7.79 8.31
Alkalinity mg/L as
CaCO3
270.00 180.0 252.22 370.00
COD mg/L 1828.33 325 311.98 1365.0 52.70 86.00 134.39 181.54 91.93 92.65
BOD mg/L 1091.78 42.00 91.22 140.00 91.52 91.64
TSS mg/L 1094.89 88 231.59 291.00 54.64 45.00 91.44 150.00 90.54 91.65
VSS mg/L 774.78 45.00 65.11 100.00 92.02 91.60
NH4-N mg/L 28.78 10.2 14.05 16.10 22.01 2.50 10.39 21.00 58.42 63.90
NO3-N mg/L 2.84 1.20 16.45 37.50
TN mg/L 81.96 12.87 50.47 98.50 71.86 12.87 22.47 30.00 71.86 72.59
TP mg/L 48.89 5.67 2.90 47.33 18.62 4.50 12.22 24.67 24.23 75.00
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Fig. 3 UASB TSS removal efﬁciency.
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Fig. 4 COD removal efﬁciency along the whole experiment
duration.
6 M.A. Moharram et al.The high value of the TP in the inﬂuent water was due to
the inoculation with un-aerated sludge; the anaerobic condi-
tions in the sludge caused a high phosphorus release in the
sludge raising the sludge in the inﬂuent water.
The inﬂuence of the HRT on the COD, TN and TP removal
The system performance was investigated with hydraulic reten-
tion times 10.5, 12.5, 15. Table 8 shows the average removal
efﬁciency of the NH4-N, TN and COD.
The best and economical operational conditions that can
give best results were when the HRT= 15 h and the
IR = 200% (Run 9).
The TN and TP removal was the highest value during the
Run 9, while the COD decreased by only 3% but giving the
same results as the Run 9 as the removal efﬁciency is a ratio
between the inﬂuent and efﬂuent values. So the Run 9 was cho-
sen to be the optimum run with minimum cost for the whole
treatment process.
The overall system efﬁciency under different organic loading
conditions
The system performance reached efﬂuent quality required by
law 48 for the year 1982, then Decree 8, 1993 under low and
medium organic loading wastewater which is the normal
domestic wastewater loads in El Berka WWTP, while
achieving the COD efﬂuent quality of the law in higher organic
loadings with relatively low efﬂuent TN & TP concentrations.
The following section discusses the overall system performance
of the experiment.
The inﬂuence of the organic loading on the COD removal
efﬁciency
The system overall COD removal efﬁciency ranged between
62.90 and 95.87%. The COD removal versus the organic load-
ing rate is shown in Figs. 3–5. Of this COD removal, a percent
of about 52.70 COD was removed from solution in the anaero-
bic zone, while 16.74–45.56% COD removal was obtained in
the oxic zone.
The UASB overall efﬁciency during the experiment ranged
between 48.20 and 79.13%. High biomass washout occurred
in UASB between days 95 and 130 (high loadings runs)
due to increase of the OLR and as a consequence the average
total COD removal efﬁciency in this period decreased toPlease cite this article in press as: M.A. Moharram et al., Performance appraisal of t
with UASB, HBRC Journal (2015), http://dx.doi.org/10.1016/j.hbrcj.2015.01.00465.63 ± 12.50%. Fig. 3 shows the UASB efﬂuent TSS along
the experiment.
The inﬂuence of the organic loading on the TN removal
efﬁciency
The TN removal efﬁciency increased on increasing the
organic loading rate as the heterotrophic denitriﬁershe A2/O process in domestic wastewater treatment replacing the anaerobic unit
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Performance appraisal of the A2/O process 7metabolize readily biodegradable substrate under anoxic
conditions using nitrate as the electron acceptor. A readily
biodegradable carbon source must be available for denitri-
ﬁers to use.
But on increasing the organic loading to more than 1500
as COD mg/L the large amount of microorganism is required
in the aerated mixed liquor to metabolize readily biodegrad-
able substrate under anoxic conditions, then in the aera-
tion tank the F/M should be adjusted to no more than 1.5.
Consequently when the loading rate increased in the system
the TN removal efﬁciency decreased. Fig. 5 shows the TN
removal along the experiment duration.
The inﬂuence of the organic loading on the TP removal efﬁciency
The system could achieve the required limits of efﬂuent TP for
the low and medium organic loading rates. Fig. 6 shows the TP
removal along the experiment duration; however the efﬂuent
total phosphorus in the high organic loading runs ranged
between 4.5 and 24.67 mg/L. Fig. 7 shows the variation of
phosphorus concentration with C/P feeding ratio in the pro-
cess. It can be observed that when the C/P feeding ratio was
lower than 30, phosphorus removal efﬁciency increased as
C/P ratio increased linearly, and P removal efﬁciency was as
high as 57.59% at the C/P ratio of 11.83.
When the C/P feeding ratio was higher than 32, the P
removal efﬁciency was maintained at 49.50–51.30%, and
efﬂuent P concentration was lower than (7.5–8.9) mg/L. It is
apparent that the value of 30 for C/P ratio was the boundary
between COD limiting and P limiting conditions in this system.0 
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Fig. 6 TP removal along the experiment duration.
Please cite this article in press as: M.A. Moharram et al., Performance appraisal of t
with UASB, HBRC Journal (2015), http://dx.doi.org/10.1016/j.hbrcj.2015.01.004The system TP, TN removal efﬁciency was higher than that
reported by Campos et al [7], however the COD in efﬂuent
water in the system was higher but still can meet the law 48
for the year 1982 requirements in the low and medium organic
loading operation conditions.
Conclusions
The results have shown that the proposed system has a great
potential to replace existing conventional activated sludge sys-
tems for municipal wastewater treatment in sub-tropical and
tropical regions for example Egypt. The cost of treating
municipal wastewater could be potentially reduced using the
UASB produced biogas, reduction of aeration requirements
and decrease in the amount of sludge needed to be disposed
of. The UASB has no mechanical equipments and there is
no need for primary sedimentation and sludge thickeners,
and low sludge production with good settling properties.
The excellent removal of solids in the aerobic process is
guaranteed, even in scenarios where the biological ﬂocculation
is deﬁcient (bulking, high organic loadings for example). The
UASB reactor had low TSS and TCOD removal efﬁciencies;
the overall system was capable of meeting secondary-efﬂuent
water quality requirements with an overall HRT of at least
12.5 h.he A2/O process in domestic wastewater treatment replacing the anaerobic unit
8 M.A. Moharram et al.The efﬂuent sludge can be directly sent to dewatering,
or, alternatively, to the anaerobic reactors where it will be
submitted to complementary digestion.
At a HRT of less than 3.5 h and high organic loading rates
during the Runs 7–9, the UASB achieved lower SS and VSS
removal efﬁciencies than in the low and medium loading runs,
due to period washouts of bio-solids.
An accumulation rate of 49.40 g TSS/day was observed in
the UASB unit. During the low loading run which is the nor-
mal domestic sewage characteristic, this low accumulation rate
would allow operating the UASB reactor without sludge
wasting for extended periods around 5 months.
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